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To create recommendations to improve the metal quality for the manufacture of railway 
tankcars-containers in this article an investigation of samples of different groups of steel was per-
formed, such as groups made by standards   Е36, EN 10025-3,4 S460ML and 9MnSi5-14, made in 
accordance with GOST 5520-79, chemical composition  of which varies like melted by GOST 
19281-91, but their structure is composed additionally of vanadium and niobium (Table 1). 
The main problem in the manufacture of tank-containers is that these constructions are made 
by welding the body with bottoms, made by hot stamping. During heating for stamping the steel 
empact elasticity and fluidity are reduced significantly, that leads to crack formation. Moreover, 
after tank-containers parts welding the material is in a tense state. So, it is necessary to select the 
optimal way of heat treatment, which will minimize the disadvantages of the preliminary thermo-
mechanical processing. 
The expediency of research was justified by the comparative testing of the  sheet steel sheet, 
manufactured by thermomechanical and normalizing rolling in order to determine the possibility of 
their application for the production of tank-containers. 
Initial state of rolling envisages the delivery condition, that is after thermomechanical (con-
trolled) or after normalizing rolling, depending on the technology of sheet metal manufacture of 
companies- suppliers. Figure 1 shows the modes of controlled (a) and normalizing (b) rolling. 
The expediency of research is substantiated by comparative tests of steel, sheets manufac-
tured by thermomechanical and normalizing rolling methods, made in accordance with the standards 
E36, EN 10025-4 S460ML, 9MnSi5  with the objective of determining the opportunity for their use 
for manufacturing parts of Railway cars. 
The study of macro, microstructure and mechanical properties of high strength shipbuilding 
steel E36 after various modes of heating in the range 920-980 °C showed high values of strength 
properties and unsatisfactory results of values of impact energy at temperatures below 930 °C due to 
significant banding structure, while at higher temperatures - due to rapid growth of grains. Thus, the 
use of such rolled steel for stamping railway tanks bottoms at temperatures 950-980 °C is not advis-
able. 
In tests of steel samples, made in accordance with the EN10025-4 S460 ML standard, it was 
determined that by their heating to stamping temperature (normalization) impact resilience is re-
duced, therefore, the use of such steel for containers, working under pressure, is not recommended, 
either. 
Comparison of mechanical properties of steel 9MnSi5 of different heats showed that after 
the initial thermomechanical rolling the mechanical properties of this steel did not meet 
the requirements of GOST 19281-91 and customer’s requirements, according to which, the amount 
of impact energy must be not less than 27 J across rolled steel and 41 J along the rolled steel. Heat-
ing for stamping after thermomechanical rolling also does not provide the desired results. Optimal 
toughness values obtained after normalizing rolling and heat heating for stamping of heat samples 
into which additional microadditives of vanadium and niobium were introduced. 
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Fig. 1. Schemes of the modes of investigated steels thermomechanical treatment: а- thermo-
mechanical (controlled) rolling:   tb.r.=1150-1220 
оС,  tf.r.= Ас3-Ас1; b- normalizing rolling:  tb.r.=900-
950 
оС,  tf.r.= Ас3-Ас1  
 
 
Table 1- The chemical composition of the investigated steels and their check for compliance 
with the requirements of GOST 19281-91 (GOST 5520-79) 
 
Type of 
steel 
The content of alloying elements, % of weight 
C Mn Si S P Cr Ni Cu Al Ti Nb V Ca 
Require-
ments of 
GOST 
19281-91 
 
0,12 
1,3-
1,7 
0,
5-
0,
8 
No more than  
- 
 
- 
 
- 
0,040 0,035 0,30 0,30 0,30 0,05 0,03 
9MnSi5 0,11 1,51 0,
52 
0,023 0,015 0,06 0,07 0,09 0,01
2 
0,01
1 
- - - 
9MnSi5-
14 
0,10 1,58 0,
69 
0,009 0,018 0,04 0,02 0,04 0,03
1 
0,02
5 
0,05 0,
05 
0,00
15 
S460ML 0,18 1,70 0,
60 
0,020 0,025 0,30 0,80 0,55 - 0,05 0,05 0,
12 
- 
Е36 0,18 1,50 0,
3 
0,007 0,016 0,08 0,04 0,03 0,03
6 
- 0,02
5 
0,
04 
- 
 
At manufacturing of bottoms of tank cars by hot stamping the stamping, temperature must be 
within the range of 930-950 °C. In case of temperature excess above it there is the yield strength 
reduction up to 360 MPa and a tensile strength reduction up to 520 MPa. 
Tempering of steel 9MnSi5 after heating for stamping at temperature 580-620 °C slightly re-
duces the strength characteristics, but they remain high enough and meet the requirements of the 
standard. At the same time, impact work after tank cars launching is increased by 3-6 J. To remove 
35 
International Scientific-Methodological Conference «How to teach material sciences:                         
new approaches and experiences from the  MMATENG project» 
 
 
the common tension in the metal of car’s boiler tempering at 580-600 °C is required. The results can 
be applied for developing the technology of thermal strengthening of boilers or containers of rail-
way tank cars. Increasing of the mechanical properties of steels used in the manufacture of these 
constructions will reduce the thickness of the sheet for the manufacture of shells from 22 to 18 mm 
and the bottom of the boiler from 18 to 16,8-16 mm, reduce the overall weight of the container 
without reducing cargo capacity, and reduce the consumption of the metal. 
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